Infection with the Australian Ross River virus (RRV) results in rash, fever and rheumatic symptoms lasting several weeks, with epidemics strongly influenced by climatic variables that impact mosquito biology. The disease can be contextualised in terms of broader issues of resource overutilisation that leads to the degradation of ecosystems, with biodiversity loss potentially contributing to the emergence of the disease. The possible ecological linkage mechanisms between biodiversity loss and RRV infection are discussed and research needs in the area are highlighted.
Background
Tony McMichael's 1993 book, Planetary Overload, introduced ecological approaches to public health researchers and epidemiologists. The concept of carrying capacity was presented in such a way as to make many of these researchers rethink their approaches to a variety of pathogens, including RRV.
Ross River Virus
This Australian arbovirus (arthropod-borne virus) causes symptomatic infection in up to 5,000 people per annum, resulting in rash, fever and rheumatic symptoms lasting several weeks. Epidemics were first described in the late 1920s (Nimmo, 1928) , and the ecology and distribution of RRV is now known to be determined by climatic variables that impact mosquito biology, including temperature and rainfall (for a review, see Russell, 2002) .
Until Planetary Overload (McMichael, 1993) , the ecology of RRV and other vector-borne diseases had not been contextualised in terms of the broader issues of resource overutilisation that leads to the degradation of ecosystems. Anthropogenic climate change is prominent among the 'ecosystem services' (sensu Millennium Ecosystem Assessment, 2005) that are lost when resource utilisation exceeds carrying capacity, and several of McMichael's students and colleagues studied the relationships between climate and RRV (e.g. Tong et al., 1998; McMichael et al., 2003) .
The ecological context of RRV transmission has been considered (Weinstein, 1997; Jardine et al., 2011) , and the disease has been used to illustrate the importance of responding to the research challenges presented by the Millennium Ecosystem Assessment (MEA) (Weinstein, 2005) . The MEA highlighted the significant loss in biodiversity that has resulted from 'planetary overload' and, importantly, ties adverse human health outcomes to that loss.
We suggest that the relationship between climate change, RRV and biodiversity loss remains under-researched and now should be prioritised. Carver et al. (2010) describe the role of biodiversity (predators and competitors) in suppressing the potential dominance of an RRV vector mosquito in an area in Western Australia affected by both decreasing rainfall and deforestation. In the study area, the combined effects of climate change and biodiversity loss may be synergistic because rainfall is inadequate to wash away saline surface water; residual brackish water pools then provide habitat for the salt-tolerant vector, Aedes camptorhynchus, which survives there better than do its competitors. Consequently, the 'emergence' of RRV infection is potentially facilitated. An additional layer of complexity is added to this analysis if one takes into account the populations of natural reservoir hosts for RRV, which may also be affected adversely by climate change. In other systems, a loss of potential host biodiversity has been shown to enhance disease transmission (Ostfeld and Keesing, 2000) , perhaps because the 'dilution effect' provided by poorer reservoir species is lost. Conversely, a biologically sterile environment provides little opportunity for vector-borne disease transmission, but is hardly an attractive alternative. The possible relationship between climate change and reservoir biodiversity remains unstudied for RRV and, clearly, together with land use, has the potential to affect the future disease burden.
Other mechanisms by which climate change and biodiversity loss could interact to affect vector mosquitoes and disease ecology include changed water temperature and nutrient depletion in standing water (O'Reilly et al., 2003) ; seasonality and phenological disruption between predators and prey (Saino et al., 2011) ; and, the frequency and intensity of extreme weather events affecting species composition (Willig and Walker, 1999) .
Conclusions Relating to Ross River Virus as a Model
Ross River virus may provide a case study for climate change and biodiversity loss interactions and effects on vector-borne disease (Figure 24 .1). In keeping with the thrust of Planetary Overload, such research would ideally lead to recommendations for interventions that provide benefits for both a healthy ecosystem and healthy human populations concurrently. Source: Authors' work .
